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Study of the osteoprotegerin/receptor activator of nuclear
factor-kB ligand system association with inflammation and
atherosclerosis in systemic sclerosis
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Mona Embarek Mohamed®, Yasser Emad®, and Ahmed Abdel Galeelf

aRheumatology& Rehabilitation department, Assuit University, Assuit, Egypt; ®Vascular Surgery department, Qena
university hospital, South Valley University, Qena, Egypt; ‘Rheumatology& Rehabilitation department, Sohag
University, Sohag, Egypt; YMicrobiology& Immunology department, Assuit University, Assuit, Egypt;
°Rheumatology& Rehabilitation department, Cairo University, Egypt; ‘Cardiovascular Medicine Department, Assuit
University, Assuit, Egypt

ABSTRACT ARTICLE HISTORY
Objective: we aimed to study systemic sclerosis patients in order to Received 10 October 2017
assess osteoprotegerin/Receptor activator of nuclear factor-kB ligand Revised 28 December 2017
(OPG/RANKL) system and find the relation of these biomarkers with ~ Accepted 30 December 2017

the clinical features of the disease, the carotid intima thickness, KEYWORDS

markers of inflammation, lipid profile, and other laboratory Atherosclerosis; carotid
characteristics. intima media thickness;
Methods: both the level of (RANKL), (OPG) in sera of participants, in receptor activator of nuclear
30 (SSc) patients and the atherosclerotic changes affecting the com- factor-kB ligand System;

mon carotid artery were measured and, were compared to 30 healthy systemic sclerosis
controls matched for age and sex. All participants were assessed
clinically and subjected to the Revised Medsger SSc severity scale
and underwent carotid Doppler ultrasound examination.

Results: OPG, RANKL, and RANKL/OPG were 1.9 = 0.4 ng/ml,
243 £ 17.25 ng/ml, and 13.5 +9.8 versus 0.77 = 0.25 ng/ml,
7.13 £ 3.02 ng/ml, and 9.6 £ 3.1 in the SSc patients and the controls
with significance (P = 0.001, P = 0.001, P = 0.045) respectively. The
OPG- RANKL axis in the SSc patients correlated significantly with
carotid intima thickness, arthritis, arthralgia, inflammatory markers,
Medsger joint, Medsger vascular, Medsger skin, and dyslipidemia.
Conclusion: In cardiovascular risks, OPG serum level might increase
as a preventive compensatory mechanism to neutralize the RANKL
level increment. The determination of the OPG-RANKL system is a
diagnostic indicator for the intensity of vascular calcification and
atherosclerosis in SSc patients.

Introduction

Systemic Sclerosis (SSc) is a complex multisystem connective tissue disease of unknown
etiology. The cardinal features of SSc are vascular injury and damage, inflammation, auto-
immunity, and generalized interstitial and vascular fibrosis (Charles et al., 2006; Jimenez and
Derk, 2004; Slobodin et al., 2008). The vascular calcification and atherosclerosis that occur in
connective tissue diseases (including SSc) is a degenerative process (Papadopouli et al., 2008)
associated with numerous regulators of bone formation and some structural proteins, for

CONTACT Rania M. Gamal @ drraniami@gmail.com @ Rheumatology and Rehabilitation department, Assuit
University, Assuit, Egypt, postal code; 71515
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example; Osteoprotegerin (OPG) and Receptor Activator of Nuclear Factor k Ligand
(RANKL (Dhore et al., 2001). RANKL motivates osteoclast formation and survival leading
to enhanced bone resorption. OPG is known as a protein homologue to Receptor Activator
of Nuclear Factor ki (RANK) and can bind to RANKL, hindering the binding of RANKL to
RANK, leading to suppression of differentiation of preosteoclasts to mature osteoclasts thus
inhibiting osteoclastogenesis (Hofbauer and Schoppet, 2001; Souza and Lerner, 2013). There
is a strong association between bone pathologies and atherosclerosis (Kiel et al., 2001), where
OPG and RANKL were shown to be expressed within the atherosclerotic plaques (Dhore
et al, 2001) and in a mechanism similar to that occurs during bone formation and
remodeling, The OPG/RANKL/RANK axis involved in the vascular system through both
immunobiologic and osteogenetic mechanisms (Papadopouli et al., 2008). Vascular calcifica-
tion may involve differentiation of osteogenic cells from vascular smooth muscle cells
(VSMCs) or calcifying vascular cells, with the expression of multiple ossification-related
molecules, the formation of calcified structures resembling bone, and attendance of T-cells,
macrophages and endothelial cells, which may form the source or target of OPG/RANKL/
RANK actions. OPG looks to be a basic ligand between bone tissue and the vascular system
(Hofbauer and Heufelder, 2001; Hofbauer and Schoppet, 2001) and it is produced in vessels
by the endothelial cells and VSMCs (Papadopouli et al., 2008), while RANKL is not detected
in normal vasculature. Small quantities of RANKL have been detected in initial stages of
atherosclerosis, but the expression of RANKL was greatly increased in advanced lesions and
calcified vessels and valves (Dhore et al., 2001). It is interesting that there is improvement in
the survival in SSc over the past several decades, but the disease is still associated with that
considerable reduction in survival when it is compared with that in age- and sex-matched
populations (Abu-Shakra and Lee, 1995; Mayes et al., 2003; Medsger et al., 1971). Because the
connective tissue dieases are concomitant with the increased cardiovascular morbidity and
mortality, attention has been given to the presence and treatment of cardiovascular risk
factors. However, to our knowledge, no data for development of accelerated atherosclerosis
in the Egyptian patients with SSc as well as macrovascular risk factors assessment was
available. So, we aimed in this study to assess the OPG/RANKL system in patients with
SSc and to evaluate the correlation of these biomarkers with the clinical features of SSc, the
carotid intima thickness, markers of inflammation, lipid profile, and other laboratory char-
acteristics. Additionally, we aimed to assess the signs of atherosclerosis by measuring intima-
media thickness (IMT) of the right and left common carotid artery (CCA) in both SSc
patients and controls and relate the outcome to traditional risk factors.

Patients and methods

This is a cross- sectional study, included 30 SSc female patients, regularly followed up at
the outpatient clinics of (Rheumatology, Rehabilitation and Physical Medicine depart-
ment, Assiut University Hospital), and they were invited to participate in this study. The
inclusion criteria were the following: The SSc patients fulfilled the American College of
Rheumatology (ACR) classification criteria for scleroderma (Masi et al., 1980) and were
further sub-classified to have diffuse (dcSSc) or limited (1cSSc) cutaneous subset of SSc
according to Le Roy et al. (LeRoy et al., 1988), disease stages were defined as suggested by
Medsger and Steen (Medsger et al., 1999): early limited SSc, disease duration < 5 years;
intermediate/late limited SSc, disease duration >5 years; early diffuse SSc, disease duration



IMMUNOLOGICAL INVESTIGATIONS . 3

< 3 years; and intermediate/late SSc, disease duration >3 years, disease onset after 16 years
of age, and use of stable medication in the last 3 months. In addition, 30 healthy
volunteers were matched in age and sex to the SSc patients and served as the control
group; they were recruited from the hospital workers. The exclusion criteria for the
selected participants were determined as; the presence of mixed connective tissue disease
and other autoimmune connective tissue pathologies overlapping with SSc, a chronic
medical illness that precipitates atherosclerosis as diabetes mellitus, hypertension.
Patients receiving statins, corticosteroids, or any other medications that may cause
atherosclerosis or lower lipid profile was excluded from the study. Smokers, overweight,
or pregnant patients were also excluded. The study was approved by the Ethical
Committee of Assuit and South Valley University Hospitals. Written informed consent
was obtained from all participants after they had been informed about the purpose of the
study in details. All selected eligible participants were assessed clinically, and subjected to
the following:- (1) Demographic data, smoking status, history and clinical examination
(for SSc patients: disease duration, articular, extra-articular and organ involvements, signs
of skin involvement, and treatment regimens) were recorded, (2) Revised Medsger SSc
severity scale (Medsger et al., 2003) for each organ system from 0 to 4 where 0: no
documented involvement or normal, 1: mild, 2: moderate, 3: severe, and 4: end stage, (3)
Laboratory investigations included serum blood glucose, lipids [triglycerides (TGs), cho-
lesterol, high- density lipoproteins (HDL) and low- density lipoproteins (LDL)], urea, and
creatinine levels were measured by Hitachi 717 autoanalyzer (Roche Diagnostics) routi-
nely used in the hospital laboratory. Hemoglobin (HB) level, C-reactive protein (CRP)-
(CTM- USA), and erythrocyte sedimentation rate (ESR) were also determined.
Biochemical markers; OPG, and RANKL levels were measured in patients’ sera by
ELISA using commercially available kits (R&D Systems, UK) depended on manufacturer’s
instructions. Blood samples for ELISA were centrifuged, and sera stored at 20°C for <
1 month until used. All participants underwent carotid Doppler Ultrasound examination
using Philips HDI 5000 duplex with a 7.5-12 megahertz linear array, the IMT of CCA was
measured 1 cm distal to the carotid bifurcation in the posterior wall. For each patient, the
highest IMT among the measured segments studied on each side was recorded. According
to current sonographic criteria, IMT was considered “normal” when less than 0.9 mm,
“thickened” when IMT was equal to or more than 0.9 mm, and when the thickness was
more than 1.3 mm was indicative of atherosclerotic plaque (Doria et al., 2003).
Statistical analysis: Data analyzed by SPSS version 20.0 statistical package, data were
presented as number and percent, mean +SD, or median and range as appropriate.
Student’s t-test and multivariate analysis were used for comparing means between differ-
ent groups, Pearson correlation coefficient (r) was used to test the association between
quantitative variables. A p-value less than 0.05 was considered statistically significant.

Results
Characteristics of the study population

The Controls and the SSc patients were matched for age, sex, and smoking status. All our
SSc patients, and controls were females, and e non-smokers. Abnormal ECG findings,
CCA atheromas, and history of drug therapy were present in SSc patients only. CCA.IMT
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was significantly higher in SSc patients than controls (Table 1). CRP and proteinuria was
positive in 20 (66.7%) and 12 (40%) SSc patients respectively, and negative for all controls
(x2; P = 0.000). ESR was high in 27 (90%) SSc patients versus 2 (6.7%) controls (x2;
P = 0.000). Creatinine clearance was abnormal in only 2 (6.7%) SSc patients and normal
for the control group (x2; P = 0.15). Demographic data, laboratory data, and severity score
index of SSc patients are summarized in Table 2.

OPG-RANKL axis was significantly higher in SSc patients compared to controls

OPG levels were 1.9 + 0.4 (mean + SD) ng/ml in SSc patients versus 0.77 + 0.25 ng/ml in
controls, with (P = 0.001), RANKL levels were 24.3 + 17.25 ng/ml in SSc patients versus
7.13 + 3.02 ng/ml in controls, with (P = 0.001). While sSRANKL/OPG ratios were
13.5 + 9.8 versus 9.6 £ 3.1 in SSc patients and controls, with (P = 0.045), (Figure 1).

Levels of OPG, srankl and, RANKL/OPG and clinical findings in ssc patients

Univariate analysis showed that, in SSc patients, OPG levels were significantly higher in
those with active ulcers (P = 0.035). OPGs, RANKL, and sSRANKL/OPG were significantly
higher in patients with late SSc than those with early SSc (P = 0.001) for each of them, and
in patients with acrolysis (P = 0.018, 0.001, and 0.022, respectively). Patients with
telangiectasia exhibited significantly higher levels of OPG and RANKL compared with
their counter parts (P = 0.001 and 0.001, respectively). Both RANKL and RANKL/OPG
were higher in SSc patients with contracture (P = 0.001 and 0.001, respectively) and
myalgia (P = 0.001 and 0.003, respectively). OPGs, RANKL, and sRANKL/OPG were
positively correlated with the number of joints affected by arthralgia and arthritis,
Medsger joint, Medsger skin, while OPG only correlated significantly to Medsger vascular

Table 1. investigatory findings and risk factors among studies SSc cases and control groups.

SSc group (n = 30) Control group (n = 30) P .values
T Age 371185 369+7 0.96
ECG findings 19(63%) 30(100%) 0.009
Normal 1(3.3%)
Tachycardia 4(13.4%)
Ventricular hypertrophy 3 (10%)
Arrhythmia 3(10%)
Ischemic changes
T Right.CCA.IMT (mm) 1.07 £ 0.56 0.6 = 0.11 0.000
T Left.CCA.IMT (mm) 0.98 + 0.44 0.64 + 0.096 0.000
Intimae thickness >0.9mm 1.07 + 0.56 0.6 = 0.11 0.000*
T Right CCA Atheroma 0.98 + 0.44 0.64 + 0.096 0.000*
T Left CCA Atheroma
Cr .clearance 2(6.7%) 0(0%) 0.15
Proteinuria 12(40%) 0(0%) 0.000%
positive CRP (mg/dl) 20(66.7%) 0(0%) 0.000*
High ESR 1** hour (mm/h) 27(90%) 2(6.7%) 0.000*
Drug therapy 18(60%) 0(0%) 0.000
Steroid intake
Statins intake 7(23.3%) 0(0%) 0.004
Family history of CV disease 11(36.7%) 8 (26.7%) 0.405

F,Data are expressed as mean + SD others data are number (%) as appropriate; CCA, Common Carotid Artery (CCA); IMT,
Intima-Media Thickness; ESR, Erythrocyte Sedimentation Rate; CRP, C-reactive protein; Cr, Creatinine; CV, Cardiovascular.
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Table 2. Clinical characteristics, laboratory features and severity score index
of SSc patients (n = 30).

General Characteristics Mean + SD or n (%) (range)
T Age 37.0 + 847
¥ Disease duration(years) 83 +6.6
Early SSc (< 3 years) 8 (26.7%)
Late SSc (= 10 years) 9 (30%)
F Modified Rodman’s score 189 +73
¥ Raynaud’s Duration 18. + 10.6
F Raynaud’s Frequency 257 £1.12
Digital Ulcers 11 (36.7%)
Pitting scars 29 (96.7%)
Calcinosis 1 (3.33%)
Telangictasia 8 (26.7)
Gangrene 1(3.33%)
F Swollen joint count 2.56 + 3.758
T Painful joint count 4.72 + 3.855
Contracture 15 (50%)
Acrolysis 14 (46.7%)
Right hand closure 2.6 +1.89
Left hand closure 243 £ 2
Mouth opening 3.17 + 0.89 (2-6)
Weakness 2 (6.7%)
Myalgia 11 (36.7%)
Laboratory Investigations
F Hemoglobin(HB)(gm/dl) 11.88 + 0.93
F ESR(mm/1** hour) 302 +22
F C. reactive protein titer (CRP) (mg/dl) 31 +£304
F S. Creatinine (umol/l) 58 + 12.5
F RBS (mmol/l) 5+1.2
F Cholesterol(mg/dl) 178.5 + 38.8
F HDL (mg/dl) 437 +9
F LDL(mg/dl) 108.14 + 25.8
TG (mg/dl) 116.11 = 49.6
Severity score index
F General 0.74 + 0.74
¥ Peripheral vascular 23+07
F Skin 2+07
T Joint/tendon 1.24 + 0.94
F Muscle 0.31 + 0.46
F Pulmonary 0.62 + 0.94
F Cardiac 0.1 £ 034
0.36 £ 1.13

¥ Data are expressed as mean * SD others data are number (%) as appropriate; ESR,
Erythrocyte Sedimentation Rate; CRP, C-reactive protein;RBS, Random Blood Sugar; HDL,
High Density Lipoprotein; LDL,Low density Lipoprotein;TG,Triglycerides.

(Table 3). Otherwise, no significant differences were detected in OPG, RANKL, and
sRANKL/OPG in SSc patients regarding other clinical findings (P > 0.05).

Levels of OPG, srankl and, RANKL/OPG and laboratory and radiological findings in
ssc patients

By univariate regression, we have found both right and left maximum IMT were positively
correlated to the OPG/RANKL axis. But with the multiple regression analysis, including
other factors that may affect IMT like age; body mass index (BMI); blood sugar level; blood
pressure; disease duration; levels of triglycerides; HDL; LDL; and cholesterol, right maximum
IMT was significantly correlated with OPG (P = 0.046) and to a lesser extent with the disease
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Figure 1. Serum levels of biomarkers were significantly higher in SSc patients compared to controls.

Table 3. Correlation between biological markers and carotid, clinical, and laboratory parameters in SSc
patients.

sOPG concentration sRANKL concentration RANKL/OPG
CC P. value cc P .value cC P .value
RT.CCA.IMT 0.493 0.006* 0.374 0.042* 0.333 0.072
LT.CCA.IMT 0.579 0.001* 0.506 0.004* 0.457 0.011*
Arthritis 0.578 0.001* 0.424 0.020* 0.263 0.161
Arthralgia 0.474 0.008 0.703 0.000** 0.417 0.022*
Medsger joint/tendon 0.431 0.017 0.571 0.001* 0.428 0.018*
Medsger skin score 0.377 0.040* 0.515 0.004* 0.395 0.031*
Medsger vascular score 0.489 0.006* 0.353 0.055* 0.197 0.297
ESR 0.547 0.002* 0.929 0.000* 0.491 0.006*
CRP 0.531 0.003* 0.408 0.025* 0.180 0.340
LDL 0.451 0.012* 0.969 0.000* 0.475 0.008*
TG 0.234 0.213 0.586 0.001* 0.524 0.003*
Cholesterol 0.304 0.103 0.443 0.014* 0.207 0.272

*Statistically significant value (P < 0.05); CCA, Common Carotid Artery (CCA); IMT, Intima-Media Thickness; ESR, Erythrocyte
Sedimentation Rate; CRP, C-reactive protein; RBS, Random Blood Sugar; HDL, High Density Lipoprotein; LDL, Low density
Lipoprotein; TG, Triglycerides.

duration and blood glucose levels (P = 0.054 and 0.00.059, respectively). Left IMT correlated
significantly with OPG and RANKL levels (P = 0.029 and 0.032, respectively), blood glucose
levels (P = 0.009), and to a lesser extent with age (P = 0.092). Markers of inflammation,
abnormal lipid profile were also correlated significantly with OPG/RANKL axis (Table 3).

Discussion

Although the microvasculature is affected primarily in SSc, the affection of large vessels may
also found in 50-60% of SSc patients (Ho et al., 2000; LeRoy, 1996; Matsuura et al., 2009;
Shoenfeld et al., 2005).The tissue damage in macrovascular disease is caused by large vessel
occlusion and transmural inflammation of the vessel wall, the assessment of CCA.IMT is an
indicator of atherosclerosis, and it is found to be affected in 64% of SSc patients (LeRoy,
1996). So, we evaluated the process of atherosclerosis in SSc patients, and correlated it to
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vascular biomarkers. Our data revealed that SSc patients had significantly greater carotid
IMT than controls suggesting an increased prevalence of early atherosclerotic macrovascular
disease in SSc. This was in agreement with previous works that reported a significant increase
in IMT of CCA in SSc patients compared with controls (Au et al., 2011; Tsifetaki et al., 2010).
In contrast to our findings, other studies (Cheng et al., 2003; Motegi et al., 2014) found that
there was no significant increase in the mean CCA.IMT in SSc patients compared with
healthy controls. This discrepancy may be explained by the larger percentage of the diffuse
cutaneous systemic sclerosis (dcSSc) subtype that present in these studies compared to our
study, and may be also due to different clinical or ethnic data. Additionally, we reported the
presence of carotid atheromas in SSc patients not in controls, in accord with former findings
(Au et al,, 2011; Ho et al., 2000). In our study, The OPG, RANKL, and RANKL/OPG in SSc
subjects were higher than in healthy controls as previously reported (Dovio et al., 2008) and
the right IMT was significantly correlated with the OPG levels, while the left IMT was
significantly correlated with the OPG and RANKL levels, suggesting their key role in vascular
calcification. Moreover, serum OPG levels in this work correlated significantly with the
Medsger vascular in SSc patients. OPG and RANKL were detected previously in the athero-
sclerotic plaques (Schoppet et al., 2004) and Kiechl et al. (Kiechl et al., 2007) stated that serum
RANKL has been associated with increased risk of cardiovascular disease. Our results were
compatible with the findings of Breland et al. (Breland et al., 2010) who could explain the
important role of the OPG-RANKL system in the pathogenesis of atherosclerosis in inflam-
matory rheumatic diseases including SSc.

Some clinical studies have shown high serum OPG levels related to severity, and progres-
sion of coronary artery disease, endothelial dysfunction, and smooth cell hypertrophy, or
advanced plaque calcifications (Golledge et al., 2004). It was shown also that human carotid
atherosclerotic lesions presented elevated OPG and RANKL immunoreactivity (Golledge
et al., 2004; Schoppet et al., 2004). The different effect of OPG depends on the stage of the
atherosclerotic lesion. In early stages, OPG may be increased to protect vessels, by activating
inflammatory pathways, to compensate vasculature damage. As the lesion progresses, OPG
may become injurious to the vessels or fail to reverse the procedure of calcification (Nybo and
Rasmussen, 2008; Papadopouli et al., 2008; Van Campenhout and Golledge, 2009; Vega et al,,
2007; Venuraju et al., 2010). The right IMT to some extends correlated with disease duration.
Previous reports attributed these relations by reduced numbers of bone marrow-derived
circulating endothelial progenitor cells (EPCs) late in SSc. EPCs enhance vascular healing
by homing in the damaged endothelium. The reduced level of circulating EPCs seems to
define a more active disease, with the risk of digital vascular lesions and higher severity score
(Cannarile et al., 2015). Although did not reach a significant level, the left IMT correlated with
a lesser extend with age of patients. The age-related changes in vascular structures include
degeneration and sclerosis of the vascular media; and intimal changes associated with
atherosclerosis that start early in life and progress with aging, resulting in arteriosclerosis
with decreased arterial elasticity, increased collagen, and calcification (Sawabe, 2010). Our
OPG/RANKL axis showed a significant higher level in patients with late SSc than those with
early SSc. OPG and RANKL concentrations have been higher in advanced human athero-
sclerotic lesions, with OPG situated at the margins of mineralized lamellar bone-like struc-
tures, RANKL associated with the adjoining matrix (Collin-Osdoby, 2004). OPG levels in our
work were significantly higher in SSc patients with active ulcers. Both OPG and RANKL
showed a relation with skin ulcers consonant with their reported in-vitro functional effects on
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endothelial cells (ECs) (Dovio et al., 2008). Our OPG-RANKL system correlated significantly
with the degree of arthritis and arthralgia, and Medsger joint/tendon in SSc patients. RANKL
expression was detected at sites of active bone erosions in arthritis which explains that bone
erosions are the outcome of osteoclastic bone resorption at the sites of synovitis (Pettit et al.,
2006). The highest degree of radiographic progression of joint damage also was found with a
combination of high ESR and high RANKL/OPG ratio at baseline which indicate that the
combination of the degree of inflammation and bone destruction is a determinant of arthritis
progression(Geusens, 2012). In our work, the OPG-RANKL axis correlated with inflamma-
tory markers in SSc patients. CRP is a strong predictor of cardiovascular disease, and
atherosclerosis, it is one of the pathogenic factors involved in SSc-associated vascular damage
(Herrick and Cerinic, 2001; Shoenfeld et al., 2005). We found associations between OPG and
RANKIL, and their ratio (RANKL/OPG) and serum lipids in this study. Hyperlipidemia is
independently associated with circulating levels of RANKL and/or OPG and the interplay of
lipids with the RANKL-OPG axis may have a role in the progression of atherosclerosis
(Kelesidis et al., 2013) as it rises the risk of retention and modification of low-density
lipoprotein (LDL) in arterial walls, increased LDL is another pathogenic factor involved in
SSc-associated vascular damage (Herrick and Cerinic, 2001; Shoenfeld et al, 2005). As
RANKIL, and OPG are members of one system and strongly associated, previous studies
have conflicting results. Some studies reported the increased serum level of OPG in coronary
artery calcification, while there is other evidence of inhibitory effects of OPG on vascular
calcification (Falk, 2006). Therefore, our study determined the changes in RANKL and OPG
levels concomitantly and reported the RANKL/OPG ratio in SSc patients with atherosclerosis.
Possible limitations of our study include the cross-sectional study design, lack of a male
control group, and the small number of the participants. from our study findings, it is
concluded that, in cardiovascular events, OPG serum level may increase to neutralize the
RANKL level increment. RANKL levels might be affected by factors other than OPG which
need further investigation with larger sample size to better clarify their role as a diagnostic
indicator for the intensity of vascular calcification and atherosclerosis in SSc patients.

Highlights in the article

e Systemic Sclerosis effect on macrovascular.
¢ Bone pathologies and their link with atherosclerosis.
e OPG-RANKL correlation with Carotid Artery Intima Media Thickness.
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